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Thirty  subjects  wore  randomly  assigned  to  one  of 
three  treatment  groups.  Subjects  were  aditlnistcred  aptitude 
tests  representing  Impulsivity-reflactivity,  verbal  and 
full  scale  10  in  addition  to  treatment  materials  and  pretest, 
posttest  performance  measures.  The  pretest,  postteat 
measures  were  designed  to  indicate  conservation  ©f  number 
performance  and  acquisition. 

Comparison  of  performances  on  posttest  scores 
Indicated  a strong  significant  C ratio  where  conservation 
performanoe  had  been  altered  by  tho  treatment  eonditione. 
Being  an  analysis  of  covariance  technique,  it  was  found 
that  there  was  no  Interaction  between  impulsivity- 
reflectlvlty  and  treatment.  However,  when  the  categorical 
variables  of  impulsivity-reflectivity  were  removed  end 
the  continuous  variables  of  latency  score  and  error  score 
viewed  a significant  interaction  appeared  between 
treatment  and  aptitude.  These  data  suggested  that 
impulsive  students  performed  significantly  better  in 
the  Verbal  Didactic  method.  The  verbal  and  full  scale 
aptitudes  did  not  Interact  significantly  with  either 
treatment  although  they  were  significantly  correlated  with 
the  criterion  scores. 


CHAPTEB  I 
THE  PROBLEM 

StataiBflnt  of  the  Problan 


s study  is  the  diagnosis  of 

n aptitudes  in  subjects  det- 

f conserving  perfotiDancu  of  pre- 
school children  (Agssi  3.0  - 5.B)  using  an  Aptitude 
X Treatment  Interaction  (ATI)  model  in  which  the  differ- 
ential affects  of  impuleivity,  reflectivity  and  verbal 
ability  are  examined  in  relation  to  Didactic  and 
Alternative  Example  methods  of  instruction. 


Piaget  (1952)  has  demonstrated  that  the  ability  to 
conserve  is  a prerequisite  to  successful  learning  of 
mathematical  and  scientific  concepts.  The  ability  to 
conserve  is  only  one  of  Piaget's  many  concepts 
that  haa  been  studied  extensively.  It  is  said  that 
"conservation  can  be  bast  defined  as  tbe  ability  of  an 
Individual  to  be  aware  of  the  invariant  aspects  cf  the 
properties  of  objects  in  the  face  of  transformation". 
fSlgel  6 Hooper,  1963,  p.  62) 


Ovarvlew  ot  Piagatlan  Theory 

Jean  Piaget,  a Swiss  born  peycholngiat.  is  one 

Piaget  has  formulatad  a sehene  reprasentative  of  tha 
cognitive  intellectual  davalopment  of  tha  child  through 
a sequence  of  stages  which  appear  at  about  the  easie 


is  fixed  for  all  ohildren.  an  individual's  time-table 
for  entering  and  leaving  each  period  will  vary  to  some 
degree,  within  each  period  there  are  additional  levels  of 
cognitive  development  called  stages  or  substagee.  h 
sunmary  of  Piaget's  (1966}  four  general  stages  are  ae  follows 
1.  Sensori-Hotor  stage  - This  is  the  period  before 
the  acquisition  of  language  occurring  from  birth  to  two 
yeers.  It  is  characterised  by  simple  reflexes,  beginning 
habits  and  elementary  means — goals  activity.  The  latter  is 
accomplished  by  the  coordination  of  visioh  and  the  ability 
to  grasp  objects  and  thus  alter  tha  Inuaediate  s 
The  child  explocee  the  world  from  an  egocentric  p> 


2*  Preoperational  Stage  - From  two  to  six  years  the 
child  progressively  refines  his  ability  to  initiate  action 


subsequent  to  his  obeervinq  t 
leeks  conservation  (the  realisation  that  certain  quanti- 
ties reraain  constant  under  simple  transformations  such 
as  regrouping  objects  from  one  large  concentration  into  a 
number  of  smaller  groups),  he  uses  objects  and  language 
to  expand  his  spatial  awareness,  objects  and  acts  are 
still  ego  cantered;  explanations  as  to  "why"  are  neither 
inductive  nor  deductive — the  child  reasons  from  the  parti- 
cular, The  single  most  important  eharaoteristio  of  pre- 
operations  thought  is  the  inability  to  mentally  reverse 

actions  can  be  "cancelled  out"  by  their  Inverse  aeries 


objects  subject  to  his  manipulation.  The  concept  of 
number,  order  (by  sise  and  weight),  and  classification 
are  understood  in  this  stage.  The  child’s  thought  becomes 
reversible  and  he  can  structure  the  present  in  terms  of 

gprmal  Operations  Stage  - The  final  cognitive 
period  is  primarily  characlariled  by  the  ability  to  reason 
about  logical  operations  in  an  abstract  fashion  (Piaget, 


It  l8  difficult  to  classify  Piaget's  theory  as  to  the 
importance  of  factors  which  effect  maturation  and  exper- 
ience. Individual  researchers  and  particular  studios  have 
been  critical  of  certain  aspects  of  Piaget's  developmental 
psychology  (particularly  the  reference  to  age  norm] . 

The  research  suitciaries  of  Wallach  (19S4)  and  Flavell  (1963), 
however,  indicate  general  support  for  Piaget's  theory  of 
cognitive  development.  Hallach  (1964)  in  reviewing  the 
research  and  theory  concerning  children's  thinking,  focused 
on  the  work  of  Piaget  and  his  colleagues.  Drawing  from  a 
bibliography  of  107  items,  Hallach  reported  the  confirmation 
of  the  basic  outline  of  Piaget's  stages.  Some  shifting  of 

langusge.  Training  la  the  concept  of  conservation  has 

a ability  of  children  to  perform 
age.  There  are  qualitative  diff- 

he  same  nodes  of  analysis, 
e ability  to  analyze  the  physical 


the  thinking  o 


Flavell  (1963)  ii 
with  Piaget's  theory  c 


f cognitive  development  had  these 

ground.  These  studies, 
Piaget's  theory  of  qualitative 


as  choseri  for  invastigation. 

8 have  replicahad  some  of  the 
& Inhelder’s  booh.  The  Child's 


to  make  crlticisma  1 
The  followinp  a 
experinents  from  Piaget  & 
conception  of  Space  (lS48)i  Boe  (1968),  Dodwell  (1963), 
lovell  (1969),  Peel  (1959)  and  Bivoire  (1961).  Dodwell 
(1963)  was  critical  of  Piaget  for  not  indicating  Che 
generality  of  his  findings  between  children  of  Che  sane 
age  and  between  different  testa  concerning  the  sacne  spatial 
underetandings.  From  the  sample  of  194  children  in  the 
age  range  of  five  to  eleven  drawn  from  all  socio-economio 
levels,  Dodwell  reported  results  from  seven  experiments 
tahen  from  The  Child's  Conception  of  Space.  He  concluded 

of  conservation  concepts  v 
in  all  respecCB.  Dodwell 
categorise  very  many  of  h) 

majority  of  hie  subjects  w 
of  at  least  two  of  Piaget' 

Dodwell  suggested  that  soa 
attributable  to  "special  i 


re  oorrolooraced,  although  not 
id  not  find  it  possible  to 
subjects  into  one  particular 


ind  to  have  characteristics 
stagne  (cited  earlier 
i Piaget's  substages, 
isse  difficulties  night  be 
. and  training,  amount  of 
:he  difficulties  of  learning  to 
operations  learned  in  one  contest 


concluded  that  Che  child's  overall  ability  to  handle 
conservation  concepta  improves  with  age,  but  no  clear-cut 


thinking 


. Lovell  (19S9)  repeated 


progreaaion  from  one 
can  be  identified  fro 
six  exparlnents  from  ' 
using  150  children  whose  ages  ranged  from  two  years  eleven 
months  to  five  years  eight  months.  Lovell  reports  that 
these  young  children  did  recognise  basic  geometric 
shapes  displaying  that  Piaget’s  "topological  ralalionshipa" 
to  be  euclidian  properties,  as  they  aro  difficult  for 
children  at  this  age  to  express  in  precise  language.  He 
expressed  suspioion  that  Piaget  has  been  carried  away 
with  his  interest  in  Icgio  and  in  modern  mathematics 
and  has  allowed  these  mathematical  concerns  to  influencs 
his  psychology  of  cognitive  development.  Lovell 
does  not  cite  any  evidence  to  support  these  misgivings. 

Peel  (19591  reported  findings  from  two  experiments 
that  strongly  support  Piaget's  assertion  thst  topo- 
logical relationships  are  perceived  before  projective, 
and  that  euclidian  and  spatial  concepts  develop  with  sge. 
The  firet  experiment  involving  60  ohildran,  ages  three 
to  eight,  concerned  children’s  ability  to  recognise  shapoe 
by  touch  alone.  These  findings  confirm  Piaget’s 


recognized  with  far  greater  ease  than  euclidian  shapes. 
The  latter  experiment  involving  childrens’  ability  to 
cope  with  such  shapes  as  closed  figures,  circles,  sguares, 
rhombuses,  ellipses  and  crosses  yielded  results  that  Peel 


felt  were  strongly  supportive  of  Pisgst’s  stage  sequence 
Ii  11A>  118,  end  III.  Hlvoirs  (1961)  studied  the  develop- 
loent  of  spetial  concepts  using  a sample  of  144  children 
from  ages  four  to  fourteen.  She  administered  a test 
designed  to  measure  conservation  of  liquids  in  different 
geometrical  containers.  All  items  used  in  the  test  were 
checked  by  experts  in  geometry  in  order  to  be  reliably 

orientation  and  volume  orientation,  and  to  insure  that  there 
were  easy  and  difficult  items  in  each  section.  Rivoire's 
(1961)  results  did  not  completely  support  a specific 
stage  orientation  in  conservation  of  volume.  In  particular 

volume  entirely  as  a function  o 


los  were  a significant  factor  in  the 
est  Instrument.  Three  of  the  four 
just  reviewed  eupport  Piaget's  theory 
'£  children's  representational  view  of 
but  only  Revolre's  study  cites 
I conservation  of  volume,  viewed 
replication  studies  indicate  that  age 


ts  a najor  factor  in  ohiiaren's  ebiUty  to  correctly 
reapond  to  casK*  designed  to  test  their  conception  of 


There  are  clearly  as  many  views  as  there  ere  eomiten- 
tators.  Hunt  sees  Piaget's  theory  as  both  hereditary  and 
anvironinentalletlc  (Hunt,  1961).  Alny  (1966)  describee  four 
main  factors  which  she  thinks  are  incorporated  in  the 


syatam.  These 
raieaion  (aseociation 
Baldwin  (1967) 
elements,  nor  a mixture 
He  sees  aquilihratiem. 


experienoe,  social  trans- 
r humane)  and  equilibration, 
either  material  nor  laarning 
two  in  Piaget's  theories, 
ie  of  transition  or  growth. 


as  a third  kind  of  development  process  altogether, 

Bquilibration  is  a sort  of  adaptive  process  ba 
on  two  reciprocal  processes  of  assimilation  and  acco 
dation.  Assimilation  is  c)iaraoteri3ed  as  a tailing  i 
cess.  It  is  utilisation  of  aomethlng  from  tl 
Psychologically,  it  is  the  ability  of  persons  to  handle 
new  situations  and  naw  problems  with  already  existing 
mental  organizations.  Accomodation,  on  the  other  hand 
is  the  completely  complimentary  process  of  assimilation. 
Whereas  assimilation  ie  organism  favored,  accommodation 
is  environmental  flavored  in  that  the  organism  changes 
before  it  can  assimilate  phenomenon  from  the  environment. 
Psychologically  It  is  the  alteration  of  this  mental 


problems 


difficuXC  to  manage.  When  these  processes  are  in  balance 
we  have  an  equilibrium  and,  hence,  the  process  of  seeking 

go  well  with  any  interaction  theory  o£  an  organism  exper- 
iencing in  the  environment. 

In  regard  to  the  stages  of  intellectual  development 
postulated  by  Piaget,  these  stages  are  really  different 
times  at  which  Piaget  sees  the  structure  of  the  indivi- 
dual's mental  faculties  being  fundamentally  different. 
That  is  to  say,  there  seems  to  be  three  periods  in  the 
development  of  mental  abilities  of  human  beings,  such 
that  the  organization  of  these  abilities  is  different 
enough  to  be  clearly  distinguishable.  The  preoperational 
stage  is  a traneltional  one  between  the  first  two  major 

of  equilibration  and  are  built  upon  one  another, 

Each  new  stage  incorporates  what  cams  before  and  adds 
something  new  at  the  same  time. 

As  one  might  suspect  since  the  general  intellectual 

abilities  do  also.  Piaget  a Inhelder'e  book.  The  Child's 
conception  of  Space  [194B)  , is  an  exposition  of  how  the 

space.  It  is  the  study  of  certain  problems  of  a general 


in  youn9  children  dealing  particularly  with  the  elaboration 
of  projective  and  euclidian  concepte  out  of  nore  topo- 
logical notlona  (Piaget.  Xnhelder,  Szaninslca.  1960). 


ooneervation  of  area,  apace,  length,  nuinber,  tliw  and 
aiae  which  have  been  investigated  by  Piaget  and  hia 
he  conaervation  of  volume  is  the  type 
n investigated  in  the  present  study. 

The  basic  technique  oaed  by  Piaget  and  his  colleagues 
to  study  conservation  of  volume  waa  presented  In  Le 
Develepnent  Pea  Quantlea  Chez  L'Enfant  (1941).  It 
involved  presenting  the  subject  with  two  balls  of  clay 
or  plasticene  identical  in  mess,  weight  and  volume. 

This  experiment,  aa  well  as  others  dealing  with  the 
ooneervation  of  volume,  is  diacuaaed  in  this  wor)t. 

Those  experiments  have  been  duplicated  many  times  by  many 
researchers,  and  criticiama  of  their  origin  and  organiza- 
tion have  been  offered  primarily  by  riavell  (1SS3).  Although 
the  various  experiments  more  or  less  aubstantlata  Piaget'a 
stages  and  their  sequences,  many  of 


not  absolutely  convinced  o( 

t)tat  Piaget  hes  permitted  I 
with  his  thinJcing,  (2)  )ie 


e validity  of  his  entire 
earchars  have  (1)  speculated 
his  love  of  logic  to  interfere 
! found  various  ages  for  his 
experienoe  may  have  affected  the 


Situation,  itself,  may  have  been  a ieaniin?  situation.  Only 
one  (Lovell.  1959)  has  found  it  necesaary  to  attack 
Piaget's  basic  theory  as  such. 

Observations  made  by  two  interpreters  of  Piaget, 

Baldwin  (1967)  and  Plavell  (1963),  provide  some  good 
insights  into  Piaget's  wot)i  as  a whole,  with  respect 
to  methodology,  Baldwin  noted  that  Piaget's  experiraents 
have  been  poorly  controlled  from  the  standpoint  of  eigieri- 
raontal  design  and  have  been  incompletely  reported.  Thue, 
despite  the  enormous  amount  of  empirical  data  and  the 
general  confirmation  of  the  findings,  whether  these 
experiments  are  repeated  by  others  or  not,  one  is  still 

repeated  and  confirmed  by  someone  else  before  one  can  be 
confident  about  the  child's  range  of  response  to  the 
experimental  situation,  before  one  can  know  how  many 
children  are  exceptions  to  the  generalisation,  and  before 
one  can  form  an  unbiased  view  of  the  empirical  evidence. 
Baldwin  modified  his  opinion  little  by  sdding  that  if  we 

generating",  then  the  above  criticisms  lose  much  of  their 

Piaget's  postulations  are  not  yet  "rigorous  theory  of 
cognitive  developnenc" . (p.  33]  He  also  stated  that 

Piaget  became  enamored  with  rathematics  and  inappro- 
P^^itteiy  tried  to  apply  mathematical  constructs  which 


Plavell  (1963)  categorizes  his  criticisots  into  t 
following  three  classes: 

(a)  Matters  of  theory  and  interpretation: 

analysis/  and; 

into  theory  and  interpretation.  (FlaveXl,  1963/  p.  1 
In  the  first  category,  Flavell  complained  about 
the  difficulty  involved  in  reading  Piaget.  Piaget's 


the  empirical  to 

c backgrounds  c 


I mean  different 
I Flavell 
hie  reasoning  from 

i generous  in  his 
ir  that  Piaget  should 

: the  subjects, 
unreasonable  to 


expect  Piaget  to  explore  in  detail  an  area  into  which 
he  had  blazed  a trail.  On  the  other  hand,  Flavell 
insisted  that  much  of  the  criticism  of  Piaget's  experiments 

Hence,  colleagues  speak  of  validation  rather  than 

According  to  Flavell,  Piaget  failed  "to 


precisely 


what  he  did  ie  the  experiment (riavell,  1 
Hot  enough  infortaatlon  waa  given  to  allow 
make  his  own  judgnient  as  to  what  is  to  be 
Apparentl/f  Piaget  not  onlp  lacked  rigor  in  his  sampling 

method",  the  variations  in  his  procedure  were  too  great. 

basio  guantitative  information.  "As  instances,  he  does 
not  report  the  correlations  between  response  level  (stage) 

distribution  at  the  response  level",  (p.  62)  Finally, 

follows  from  the  first  two  protests.  Plavell  felt  that 
Piaget  was  guilty  of  over-interpreting  the  evidence,  that 

to  multiplication  and  manipulation  of  the  entities 
beyond  necessity.  Ip.  64)  Ke  saw  in  Piaget's  study 
a tendanoy  to  assert  statements  without  the  necessary 
justification,  thereby  appearing  to  force  unwilling 
data  into  prearranged  theoretical  molds.  Evsn  though 
he  noted  these  numerous  defects.  Flavell  was  favorably 
dlspossd  toward  Piaget's  theory  and  found  Piaget  to  be  the 

Flavell  emphasised  the  contribution  of  Piaget's  work  and 

Even  with  t)ie  criticiscsa  and  their  defenses,  the  question 


scess  through  which 


thinking  ooras  abou 
ilch  the  principal  o 
explanation  i 


an  ocean  of  conservation  Is  acquired  whi 
stands  that  every  increase  in  height  o£ 
pensated  by  a decrease  in  width.  That  i 
in  one  diisension  is  exactly  compensated 


.8.  an  Increase 
by  a decrease 


in  the  other.  It  is  this  compensation  or  equaling  of 
differences  which  accounts  for  the  transformation  from 
non-conservation  to  conservation.  A number  of  others 
have  investigated  this  problem  and  offered  alternative 
explanations . 


0 Conservation  and  Piagetian  Theory 


lO  concept  of  readiness 
nts  of  education.  Thai 


long  been  of  interest 

sarn  most  effactively 
and  efficiently  when  instruction  is  Introduced  at  an 
appropriate  time— neither  too  early  nor  too  late  hut,  rather 
when  they  are  ready  (Tyler,  1961). 

An  understanding  of  the  student's  cognitiva  development 
is  a prerequisite  to  the  complete  understanding  of  the 
education  process.  A teacher  can  use  the  moat  advanced 
pedagogical  techniques,  employ  the  r»st  highly  regarded 
formel  curriculum,  be  perfectly  attuned  to  the  desires 
of  the  students  and  still  be  quite  unsuccessful  in  communl- 


eating  material.  If  the  level  of  presentation  is  too 
advanced  or  too  simple , relative  to  the  cognitive  develop- 
ment of  the  students,  the  class  ie  likely  to  be  a failure 
(Communications  Research  Machines,  1973.  Educational 
gsychology;  k Contemporary  View. I Hiigard  (1964)  emphasised 
the  importance  of  readiness:  Appropriate  instruction  with 

suitable  materials  may  be  Important  factors  in  motivations 
vities.  However,  instruction 
d prematurely,  it  can  as  truly  be  delayed 
unduly.  Soft  sentimentality  may  be  damaging  to  the  personality: 
so,  too,  may  high  expectations  and  requirements. 

Sooct  (1962)  pointed  out  the  possible  effecta  of  intro- 
He  said  that  any  atten^t  to 

a child  at  too  early  a period  of  development  may  result 
8 learning  bad  habits  or  in  hie  learning  not  to  learn, 


duclng 


y disagreement  about  what  produces  readiness 

activities.  Biehlsr  (1971)  explained  the  diaagreement  of 

to  allow  for  readiness.  Those  who  hold  the  "natural" 
view  of  development  fool  that  ohildren  should  be  exposed 


factor  in  the  acquieition 


vacion.  It  ie  this  hypothesis,  that  a sense  of  identity 
is  already  present  at  an  early  ape  and  that  conservation 
already  present  at  on  early  age  and  that  conservation  ie 
attained  when  the  child  is  able  to  free  hioiself  from  the 


n perception  of  a single  feature  and  use  his 
previously  estahlished  sense  of  identity  as  a basis  of 
judgment,  that  was  investigated  in  one  of  the  conservation 
ied  out  by  Brunet  with  children  from  ages 
even  (Bruner,  1966).  During  the  courso  of  the 
t each  subject  watched  while  water  was  poured  from 
e beaher  to  another]  he  was  then  ashed  whether  there 


reason  for  the  answer.  The  reasons  given  by  the  children 

(1) .  Perceptual,  reasons  relating  to  sise,  shape, 
and  appearance. 

(2) .  Identity,  reasons  mentioning  the  identity  of 


O).  Conflist,  reasons  implying  confliot  between 
how  the  things  looked  and  how  they  really  ere. 


year  olds  were  481  perceptual,  461  identity,  and  61  conflict. 
161  perceptual,  571  identity,  and  271  conflict.  As  the 


children  gr 


e of  them  gave  identity  and  conflict 

e perceptual  reaponses,  with 

in  and  seven  year  olds  giving  identity 


as  the  reason  for  conservation.  It  waa  m 
children  who  gave  perceptual  teaaons  gave 
responses. 

Piaget  (19621  has  characterised  the  reasons  which 
children  give  when  ashed  to  explain  their  basis  of 
conservation  as:  (a)  Identity,  (b)  revereahiliiy,  or 

(c)  compensation.  He  postulates  that  all  three  have 
some  relationship  to  the  acquisition  of  conservation,  bnt 
that  compensation  ia  really  the  crucial  factor. 

Bruner  (1966)  on  the  other  hand  believes  that  his 
woth  has  ahown  that  identity  is  the  primary  factor  and  that 
the  child  appeals  to  reversibility  or  compensation  to  justify 


is  the  same  in  spite  of  the  appearance  to  the  contrary, 
yet  Bruner  maintains  "that  any  subject  can  be  taught 
effectively  in  some  intolleotaally  honeat  form  to  any  child 
at  any  stage  of  development",  (pp.  33) 

Larsen  end  Flavell  (Lovell,  1959)  using  difference 
coneervation  tashs  with  kindergarten  end  second  grade 
children  obtained  results  which  felled  to  support  Piaget's 
hypothesis  "that  compensation  is  a prerequisite  for 
conservation".  Catbcart  (Baldwin.  1967)  found  that  tha 
second  and  third  grade  subjects  of  his  study  were  clear  in 


r preference  for  identity  responses  ss  Co  the  eight 
8 of  conservation  tests.  Bsinell  (hunser,  1960)  also 
d results  which  support  Bruner's  hypotheses.  The 
evidence  from  Bruner's  work  and  other  studies  is  that 
children  from  age  four  Co  third  grade  give  core  identity 
responses  then  reversability  or  oonpensation  responses. 

h totally  different  point  of  view,  proposed  by  Sagne 
(1970).  describes  learning  readiness  as  being  comprised  of 
three  factors]  atbentional  sets,  motivations  and  develop- 
mental status.  While  It  might  appear  that  he  is  in  agreement 
with  Piaget  by  his  use  of  the  term  "developmental  status", 
such  is  not  the  case.  Gagne  views  intellectual  development 
as  being  "primarily  attributable  to  the  cumulative  effects 
of  learning  relatively  epecific  intellectual  shille" 

(p.  200).  Readiness  for  Gagne  then,  depends  not  on  matura- 
tion, or  even  on  an  Interaction  between  maturation  factors 
and  environmental  factors,  but  solely  upon  the  repertoire 
of  s)(ills  possessed  by  the  student  which  have  been  previously 
learned  and  which  are  relevant  to  the  new  learning  tas)t  to 
be  undertaken  (Gagne,  1962). 

cognitive  development,  many  American  researchers  have 
attempted  to  speed  up  the  inovoment  of  children  through 
Piaget's  stages.  Almy  et  al  (1966)  points  out  some  of  the  pos: 


In  one  study  (Sigel,  Rosper  s Hoopec , 196SI,  children 
were  trained  in  multiple  classificetion,  multiple  relation- 
elity  and  reversibility,  all  operations  necessary  for 

(1962)  conducted  an  experiment  in  which  first  and  third 
graders  were  taught  to  apply  the  conservation  principle 
to  area,  while  the  first  grader  made  no  observable  progress 
the  implication  was  that  age  per  se  is  a critical  factor. 

Beilin  (1962)  used  verbal  rule  instruction  in  conserva- 
tion training  and  was  successful  in  inducing  conservstion, 
but  he  was  unable  to  obtain  generalisations  to  other 
conservation  tasks.  Ringsly  s Hall  (1967)  concentrated 
on  skills  directly  related  to  the  conservation  of  length 
and  effectively  taught  conservation  on  specific  tasks. 

But,  they,  too,  failed  Co  obtain  generalizations. 

Many  attempts  at  conservation  modification  or  accel- 
eration have  produced  negative  reaults.  Hohlwill  (I960) 
and  Wohlwill  6 Lowe  (1962)  tried  Co  teach  children  to 


unsueceesfuily  used  training  procedures  in  an  attempt 
to  induce  conservation  of  number  skills  in  kindergarten 
children. 


There  is,  then,  disagreement  about  how  to  define 
attainment  of  the  principle  of  conservation,  it  has  been 


ter  this  principle. fPeters^  1969; 


which  children  m 
BalUch,  1961)  W) 

has  been  carefully  planned,  why  has  the  child  not 
iDastsred  this  principle?  Bruner  naintains  that  any 
subject  can  be  taught  effectively  to  any  child  at  any 
stage  of  development.  Gagne  would  say  the  child  does  not 
possess  the  s)cills  required  to  master  the  principle. 

It  appears  chat  one  )tind  of  useful  research  is  the 
child's  acquisitioh  of  Che  principle  of 
t relates  to  the  use  of  different  methods 
of  instruction  and  how  this  instruction  relates  to  particular 
aptitudes  of  the  child.  It  night  be  that  the  child  has  not 
been  exposed  to  tho  proper  instruction  that  allows 

aptitudes  Che  child  possessee  laighc  inhibit  or  enhance 
acquisition  through  instruction.  The  development  of 
conservation  s)cilla  is  a necessary  prerequiaite,  according 
to  Piaget,  to  the  undorsCanding  of  mathematical  and  science 
concepts.  The  aeguieition  of  conservation,  Chen,  would 
be  an  important  part  of  readiness  for  each. 

Piaget  (195?)  said  that  It  was  necessary  for  children 
to  graap  the  principle  of  conservation  of  quantity  before 
t)ley  could  develop  the  concept  of  number.  This  notion  is 
strongly  stated  as  follows: 


The  concept  of  Aptitude  Treetment  Interaction  is  not 
a novel  idee  in  the  scientific  world,  enviconnantallstB  have 

a eingle  rank  ordering  applied  either  to  organisms  or 
environments  ignores  Che  fundamental  principle,  chat  it  is 
the  interaction  between  the  eharacteriatios  of  the  organism 
and  the  demands  of  the  environment  that  determines  survival 
or  elimination.  Similarly,  the  current  search  of  ATI  ia 
based  on  the  premise  thet  there  is  no  one  beat  educational 
environment  suited  to  some  general,  average  ^individual) , 
but  that  different  individuals  thrive  in  different  educa- 
tional environments  suited  to  their  own  characteristica 
and  needs,  (Koran,  M.t.,  1973) 

An  interaction  between  aptitude  and  treatment  is 
present  when  one  instructional  treatment  is  significantly 

B significantly  better 


of  learner.  (Koran,  M.L.,  1973) 

different  instructional  methods, 
must  teach  to  the  same  objectivo  i 


a different  type 
e specifically,  t> 


The  instructional  methods 


of  criterion  sco 
Basically, 
Interactions  whi 


e for  which  regression 
e generally  nonparallel. 
Aptitude  Treatment 


aptitudes 


OROIUW,  IHTERACTION 


FIGURE  2 

The  general  objective  of  ATI  research  is  to  match 
instractionel  methods  or  meteriale  to  selected  leerner 
oharacteristlce.  Therefore,  unless  one  treatment  is  obviously 
best  for  all,  some  differentiations  should  be  performed 


which  aptitude  treatment  incgraotions  have  been  deliberately 
sought  (Cronbach  s Snow,  1969;  Berliner  i ' Cahen,  1973) 
provides  initial  evidence  to  suggest  that  subjects  may  learn 
more  easily  from  one  method  than  the  other.  In  addition. 


suoh  a difference  between  treatments  is  related  to  learner 
character let ics. 


defined  as  any  characteristic 


of  the  inflividual  which  functions  selectively  with 
respect  to  learninp!  that  is,  which  facilitatea  or 
interferes  with  hie  learning  from  some  designated 
Instructional  method.  (Cronbach  i Snow.  1969)  This 
formal  doflnition  allows  such  variables  as  taa)e  specific 
)cnowledge  and  s]cills,  cognitive  styles,  personality 
characteristics  and  heuristic  strategies  to  be  considered 
as  well  as  the  more  traditional  cognitive  ability  variables. 

Therefore,  one  problem  in  the  study  of  Aptitude 
X Treatment  Interaction  is  the  inordinately  large  number 
of  learner  characteristics  which  might  be  considered  in 
adapting  instruction  to  individual  differencea.  Moreover, 
few  of  these  differences  hsve  been  shown  to  be  correlated 
with  specifio  learning  outcomes  under  specific  instructional 
methods  in  the  particulsr  population  specified.  In  addition. 


f precision  in  describing 


t variables.  For  this 
has  been  broadly  defined  for  the  purposee  o 
to  include  varietiona  in  structure,  psclng,  style  or 
modality  of  instruction,  although  eventually  this  definition 
should  be  expanded  to  include  nonlnstructional  situations 


as  veil.  (Cronbach  & Snow,  1969) 


One  of  which  relies  more  heavily  on  general  ability  than 
the  others.  Some  research  reports  instances  in  which  a 
treatment  will  help  those  of  low  ability  while  actually 


hindering  high  ability  students.  (Solomon  k Suppes, 

1972;  Koran,  Snow  a McDonald,  1971)  M.  L.  Koran  (1971) 
in  an  esperimsnt  designed  to  test  the  differential  effeetlve- 


aogulsition  of  a teaching  s)cill,  found  that  the  fi 

more  effective  for  the  low  ability  trainees,  while 
self-paced,  nonrestriotive  written  instruction  was 
effective  for  high  ability  trainees.  Even  with  th 
there  has  bean  little  real  progress  to  date  in  identifying 
heuristics  for  developing  treatments  that  actually 
capitalise  on  aptitcdes  other  than  general  ahilitiee. 

The  acquisition  and  subsequent  retention  of  information 

of  numerous  variables  including  learner  predispositions 
and  variations  within  the  treatment  materials,  while 
these  variables  can  be  factor  analyzed  in  order  to 

an  analysis  must  be  guided  by  theories  of  human  learning 
and  performance  in  order  to  facilitate  the  interpretation 
of  results.  Melton's  (1967)  multiprocess  model  of  learning 
e a suitable  framework  for  investigating 
1 differences  and  nedlational  requirements 
n specific  instructional  variablea. 


MULT1PB0CEE8  JiOOBL 


or  LEARNING 


FIGURE  I 


This  nodal  presartcs  threo  major  components  that  help 
Interpret  certain  instructional  phenomena.  The  first  of 
these  is  a stimulus  differentiation  component  ts^'  * r^] 
in  which  the  subject  receives  the  physical  stimulus  [s^j 
and  selects  and  encodes  certain  stimuli  as  stimulus  cues 
[ri(s^)I.  The  potantial  stimulus  is  considered  to  be 


the  physical  stimulus.  Instructional  materials  attempt 


B«lects  particular  aspects 


beccrae  the  stimulus  cues.  DirectiOhS,  instructions, 
elicitations,  or  models  that  direct  this  selection  are 
called  prompts.  The  encoded  response  [rj(s^))  becomes  the 
effective  or  functional  stimulus  for  subsequent  psyohO' 
logical  learning  activitiss. 

The  response  integration  component  [AaRbl^cl  ihe 
output  response  and  includes  certain  learning  behaviors 
such  as  naming,  classifying,  or  chaining  as  well  as  tha 
specific  content  presented  in  the  instructional  materials. 
Such  behavior  may  be  a previously  learned  unit  [Hjl.  or  a 


S from  one  stimulus  situstion  IRjtBjjtR.-] . 

The  "hootup"  is  the  connection  [ri(si) aRaRt,R<;| 

between  the  functional  etimulus  (r^(si}].  and  the  acquired 
response  The  component  lr„(s„)I  presente  an 

alternative  mediational  route  for  the  connection  of  internal 
representation  of  the  physical  stimulus  and  the  acquired 
response.  The  mediational  route  is  especially  important 
in  examining  ways  learners  can  use  prior  learning  with 
new  but  recognizably  similar  stimuli.  The  associational 

of  tha  tasK  being  analysed. 

variables  involved  in  learning  from  different  modes  of 
infomatlon  within  instructional  n 
seated  in  terms  of  this  paradigm. 


Aptitude 


Interaction; 


Related  Reaearch 


or  achievement 

aaeae  the  area  of  early  childhood. 

Many  view  IQ  acoree  and  verbal  ability  as  strong 
aptitudes  which  have  much  interaction  with  many  tasks. 

The  Wechsler  Preschool  and  Primary  Scale  of  Intelligence 
(WPPSI1 , Stanford-Blnet  Intolligeoce  Scale  (form  L-H) , 
the  Peabody  Picture  Vocabulary  Teat  (form  A)  and  the 
Pictorial  Test  of  Intelligence  {French,  1964)  ate 
but  a few  of  the  instruments  to  measure  IQ  and  verbal 
ability  at  the  early  childhood  level.  Other  measures 
which  have  sought  to  investigate  the  preschool  age  child 
ere  the  Hatching  Familiar  Figures  Test  {HHF,  Kagan), 

many  more  which  seek  to  emamine  spacific  aptitudes  or  levels 


Impulsivitv  - Reflectivity  as  an  ATI  Heasure; 

The  tendency  to  pause  before  answering  in  problem- 
solving tasks  hss  been  the  focus  of  a series  of  studies 


e general  heading  of  reflective'inpulsive. 

19$Sa,  lS65bf  Kagan  4 Kagan,  1970)  The  inpuleive 

errors  than  his  reflective  counterpart  on  a cnatoh-to- 
sample  tas)c  called  Hatching  Familiar  Figucea  (KPF)  . 

is  required  to  select  from  among  several  alternatives 
the  one  that  exactly  matches  a standard.  Previous 
investigations  have  established  the  presence  of  stable 
individual  differences  In  this  cognitive  disposition  and 
have  extended  the  network  of  it's  correlates  into  the 
other  cognitive  spheres,  including  inductive  reasoning, 
reading  ability  and  aerial  learning.  More  specifically, 
with  verbal  ability  controlled,  the  reflective  as  compared 
with  the  impulsive  child,  has  been  shown  to  display  fewer 
errors  on  tas)ts  of  inductive  reasoning  which  called  for 

(Kagan,  Pearson  4 Welch,  1966) ; made  fewer  errors  of 
recognition  in  a test  where  one  vor)c  presented  orally 
had  to  be  recognised  among  five  written  words  (Kagan, 

1965c)  and  made  fewer  errors  of  oommlssion  in  recalling 
words  ina  serial  learning  taak.  (Kagan,  1966] 

Adams  (1972)  investigated  etrategy  differences  between 
reflective  and  impulsive  children  who  were  examined  in  a 
study  of  SO  six  year  old  and  52  eight  year  old  white 
children  using  a three  choice  probability  learning  ta8)(. 
Adams  found  that  there  were  significant  differences  in 


In  addition,  he  found  a aignificant  interaction  between 
age  end  conoeptual  tempo. 

Judith  Katt  [1971)  conducted  a etudy  to  detecmine 
whether  the  differential  development  of  conceptual  tempo 
could  predict  preferences  in  color-form  sorting  among  youn 
children.  The  subjects  were  67  ohlldren  ranging  in  age  fn 

grounds.  The  color-form  sorting  taeh  was  comprised  of  thn 
stimulus  series  which  varied  with  regard  to  the  relative 
of  color  and  form.  Results  showed  that  reflective  c 
made  more  form  responses  to  all  three  stimulus  eerie 
impulsive  children.  The  study  did  Indicate  a: 
between  impulsivlty  end  sex. 

Goodman  (1969)  investigated  the  relationship  between 
reflection-iinpulaivlty  as  assessed  by  Kagan’s  Hatching 
familiar  Figures  Test,  and  verbal  control  of  motor  behavior 
of  jcindergarten  children.  The  results  Indicated  a relation- 

ability  of  control  motor  behavior  verbally.  The  study 
demonstrated  that  impulsive  childrens'  self-verbelizations 
are  less  effective  in  controlling  their  iMtor  behavior  than 

Irapulslvity  and  reflectivity,  as  well  as  verbal 
ability,  are  aptitudes  which  seem  to  be  important  in  a 
child's  conquest  of  conservation  theory. 


Aptitude  X TredtiBgnt  Interactioni 


An  analysis  of  Aptitude  Treatnent  Interaction  oould 
aid  in  explaining  why  a particular  instructional  design 

oancee  among  different  types  of  students.  Many  researchere 
have  asked  the  question,  "What  are  the  payehologioal  pro- 
cesses involved  in  the  transition  between  Piaget's  stages 
of  development?"  Piaget's  explanations,  based  on  adaptive 
cognitive  reetructuring,  seen  highly  inadequate  to  account 
for  the  differences  in  performance.  (Peters,  196B]  studies 
dealing  with  verbal  and  nonverbal  criteria  have  shown 
significant  aptitude  interactions  which  could  hops  to  sccount 
for  these  differencee  in  performance.  (Braine,  1959,  1962i 
Medhler,  Beve,  19S7)  Piaget  uses  evidence  of  conservation 
acquisition  as  an  indicator  of  sequential  cognitive 
progress  through  several  stages  which  terminate  in 
succeeding  levels  of  equilibrium.  Thue,  mastery  of  differ- 
ent types  of  conservation  occurs  in  an  invariant  aequence 
which  represents  or  is  evidence  for  different  stages  of 
intellectual  structure  through  which  all  children  must  pass. 
These  studies  produced  c 
materials  in  assosaing  c 


additional  training  following  Piaget's  equilibration  generally 
has  not  been  successful  in  accounting  for  individual  differ- 
ence. (Beilin,  1965:  Wohlwill  i Lowe,  1962) 


Wohlwlll  & Lowe  {1962)  fittenpted  to  relate  verbal 
ability  and  mastering  of  t)ie  principle  of  conservation. 

The  results  showed  no  meaningful  correlation.  An  explanation 
for  their  results  might  be  found  in  their  traatnents:  they 
designed  the  treatments  using  Piaget’s  equilibration  model. 

Although  training  may  servo  to  speed  up  acquiaition 
somewhat,  most  supporters  of  Piaget  would  argue  that  it 

rapid  a change.  The  literature  is  replete  with  failures 
to  train  young  children  to  master  different  types  of 

t,{Gruen>  1965}  Wohlwill  & Lowe,  1962)  These 

n interpreted  as  substantiation 
for  the  Piaget  position.  After  reviewing  many  of  theoe 
attempts  to  train  conservation,  Plavell  (1963)  indicates, 
"Almost  all  the  training  methods  reported  impress  one  as 
sound  and  reasonable  and  well  suited  to  the  educative  job 
at  Band.  And  yet,  most  of  them  have  had  remar)tably  little 

ae  ■cognitive  oonflict"  again  emphasise  internal  rather 
than  environmental  variables.  It  le  maintained  these 
procedures  are  only  successful  with  children  who  are  in 
possession  of  the  proper  cognitive  etruoture  but  have  not 
yst  reached  equilibration. 

In  one  study  (Sigel,  Roeper  s Hooper,  1966)  seven 
year  old  children  were  trained  by  instructors  in  multiple 


claBsitlaation,  multiple  relatlonallty  and  reversabllity. 
all  operations  necessary  for  adequate  conservation  perfor- 
mance. Conservation  of  quantity  was  acquired  after  the 

Beilin  a Franklin  (1362)  conducted  an  experiment  in 
which  first  and  third  graders  were  taught  to  apply  conser- 
vation principles  to  areas.  The  third  graders  improved 
significantly  in  the  handling  of  area  while  the  first  graders 

age,  per  se,  was  the  critical  factor. 

Beilin  (1962)  used  verbal  rule  Insti 
tion  training  and  was  successful  in  inducing  c 

generalisations  to  conservation  tasks. 

Kingsley  i Hall  (1967)  concentrated  on  skills  directly 
related  to  conservation  of  length  and  effectively  taught 
conservation  on  specific  tasks,  but  they,  loo,  failed  to 
obtain  generalisations. 

differences  of  students  were  not  examined.  Perhaps  an 
Aptitude  X Treatment  Interaction  analysis  could  have  added 
strength  to  these  studies. 

tion  tasks  involving  210  lower  and  middle  class  preschool 
and  kindergarten  age  children.  The  reauXte  showed  important 
differences  In  the  number  of  conservars  Identified,  depending 


be  inaccurately 
than  middle  class 
t further  studies 


number  o£  transfer  fomatlons  presented. 

aaseasGd  in  terms  of  conservation  statue 
children.  The  results  also  suggested  t 
should  be  devoted  to  the  realistic  use 
cations.  Overall,  only  six  percent  of 

consistent  differences  in  the  effects  of  materials  when 

no  significant  difference  in  the  distribution  of  explanations 
given  to  justify  the  responses  to  the  conservation  guestlons. 
These  results  indicated  that  situations  of  provoked  corres- 
pondence, ae  measured  by  uniquely  matched  pairs,  did  not 
facilitate  conservation  to  a greater  extent  then  those  of 

objects. 


1}  investigated 

i first,  he  Bought  the  role  played  by 
language  comprehension  and  analytical  style  in  conserving 
performance  of  kindergarten  children.  Secondly,  he  used  c 
Aptitude  Treetment  Interaction  model  lor  viewing  the 
ship  of  the  same  variable  to  slternate 


The  forme  of  instruction  were  non-cue  discovery,  perceptual 
cue  guided,  verbal  rule  instruction  and  no  training  control. 

Others  previous  to  Peters  had  looked  at  language  compre- 
hension as  a possible  variable  which  could  account  for 
individual  differences,  but  each  tailed  to  do  an  Aptitude 


Treatment  Interaction  analysis  that  sti^ht  bring  these 

Griffis,  fihanta  4 Sigel  study  (1967)  which  concerned  itself 
with  the  ability  of  preschool  children  to  use  relational 

and  weight  of  objects  as  they  related  to  conservation  taets. 

In  this  study  the  students  were  given  the  Stanford-Binet 
IQ  test.  Even  though  verbal  scores  were  received  for  these 
children,  they  were  merely  mentioned  in  their  report,  and 
no  interaction  analysis  wee  performed  with  these  students. 
Li)towise,  in  the  Bothenberg  study  (1967),  a Peabody 

scores  were  reported  in  the  study,  and  there  were  state- 
ments recording  no  significant  sex  differences  for  any  of 
the  age  groups,  Rothenberg  mentioned  the  verbal  results. 

children.  The  children  in  the  experimental  group  were 
pretested  on  Itnovledge  hypothesised  to  be  necessary  in  mastery 
cf  weight  and  length  conservation,  along  with  actual 


using  an  Aptitude  X Treatment 


reflectivity  and  verbal  ability  were  examined  in  relationship 
to  a Didactic  method  of  Instruction  vereus  a control  group. 

In  this  study  120  preschool  children  were  adminietered 

the  preschool  children,  iripnlsivity-reflectivity  was 
measured  using  the  Hatching  Familiar  Figures  test  (nff] 
developed  by  Kagan  (1966] . 

The  results  indicated  chat  conservation  of  number  is 
children  did  perform  significantly  better  chan  their  younger 

did  significantly  better  on  the  conservation  measure  than 
the  impulsive  students.  F « 62.60  (P  <.01].  However,  the 
impulsive  students  who  were  in  the  Didactic  treatment 
group  performed  better  than  the  impulsive  students  that 
were  in  the  control  groups  P = 8.26  (Pe.OS).  The 

.01) . The  significant  difference  betveea 
nd  control  groups  suggests  t 


as  a function  of  time.  The  etability  of  this  learning  la 
Doat  lioportant  as  many  Piagetlan  reaeacchers  have  auggeated 
that  Piagetian  tasks  are  acquired  only  through  loaturation. 

Another  significant  feature  of  this  study  was  the 
development  of  the  conservation  of  number  instrument. 

In  the  past,  the  conservation  of  number  has  been  tested 

by  one  or  two  examples  adminiatered  verbally  and  inconsistently 

to  students.  This  measure  provides  a reliable  (.69)  method 

in  the  learning  processes,  then  they  should  b 
assessed  in  teaching  methods  developed  to  gai 
After  careful  examination  of  the  results  of  t 
above,  further  research  was  suggested  investigating  methods 


e accurately 
n proficiency. 


Independent  and  Dependent  Variables 
The  purpose  of  this  study  ie  to  investigate  the  presence 
of  coneervation  aptitudes  in  preschool  children  and  the 
effect  to  which  training  might  alter  this  aptitude.  Thus, 
a dependent  variable  in  this  study  will  be  performance  on 
the  posttest  conservation  measure.  The  treatments  should 

When  aptitudes  are  Included  in  addition  to  the  instruc- 
tional variables  built  into  the  instructional  treatment, 
then  differential  performance  of  the  treatment  group  can  be 
compared  by  regreaelng  the  aptitude  measure  on  the  poettaat 


CHAPTER  II 
EXPERIMENTAL  DESISN 

A pretest,  posttest,  control  group  design  ss 
described  in  Table  1 was  executed  with  two  experimental 
groups  and  one  control  group.  The  students  were  randomly 
assigned  to  the  three  groups.  Group  one  received  two 
aptitude  tests  fHPF,  WPPSI) , the  pretest  {conservation 
of  number) , Verbal  Didactic  instruction  and  the  posttest 
{conservation  of  number) . Group  two  received  two  aptitude 
tests  {MFP,  WPPSI),  the  pretest  (conservation  of  number). 
Alternative  Example  instruction  and  the  posttest  (conser- 
vation of  number) . Group  three  received  the  two  aptitude 
iests  (HPP,  WPPSI),  the  pretest  (conservation  of  number), 
a placebo  treatment  and  the  posttest  (conservation  of 
number) . This  gives  a modifisd  Solomon  four  group  matrix 
which  is  illustrated  in  Table  2. 

This  design  provides  information  aluout  the  entering 
)uehavior  of  the  students,  and  in  a pilot  study  Strickland 
(1976)  found  that  the  instruments  control  for  pretest 
sensitivity.  In  addition,  this  design  controls  for  matura- 
tion, tasting,  regression,  selection,  mortality,  and 
interaction  of  eelection  and  maturation.  (Campbell,  Stanley, 
1966)  All  students  were  randomly  aulected  and  assigned  to 


treatment  groups.  Baeh  student  was  given  a code  numier 
for  test  identification  to  protect  his  or  her  identity, 
all  students  selected  were  given  two  tests  which  ace 


Aptitude  Measures 


Verbal  Ability  (VAl  ~ WPP81  Vocabulary  and  Information 

The  vocabulary  and  Information  scales  of  the 
Wecheler  Preschool  and  Primary  Seals  of  Intelligence 
{HPPSx)  was  administered  and  scored  In  the  usual  fashion. 
Birth  dates  were  obtained  from  school  records  and  scaled 
scores  were  confuted.  The  predictive  validity,  as  assessed 
by  later  performance  or  achievement  tests,  appeared  to  be 

Bender-Gestalt  or  Draw-A-Person  (Poltaciti,  frede  s 
Gantney).  Reliability  estimates  ranged  from  .97  to  .U 
depending  on  the  subtest  and  age  group,  the  verbal  subtest 


This  is  a standard  instrument  devised  by  Kagan  et  al. 
(1964)  to  assess  cognitive  tempos  in  children.  The 
version  of  the  test  which  was  administered  in  this  study 
was  the  pre-school  version  designed  for  children  ages 

tendency  to  have  a reflective  or  impulsive  cognitive 


standard 


e from  exposure  to  first  response)  and 

group  nodian  on  response  time  and  above  the 

the  median  on  response  time  and  below  the 
rors  is  considered  reflective.  Reliability, 

with  elementary 
and  pre-school  children  (Kagan,  1965,  1966i  Denney,  1971). 
The  range  for  test-reteet  reliability  was  reported 
as  being  .62  to  .73  depending  on  the  age  of  the  child 

alphas  were  reported  to  range  from  .67  to  .76. 

Subjects  were  tested  using  the  aptitude  r^asures 
prior  to  their  participation  in  the  experiments!  procedures. 

test  time,  and  for  this  reason  the  WPPSI  was  administered 
the  first  day  and  the  Hatching  Familiar  Figures  Test  the 
second  day.  The  Wechsler  Preschool  and  Primary  Scale  of 

test  be  administered  one  student  at  a time.  Likewise, 


and  Eequiras  that  the  test  be  adninistered  one  student 
at  a time.  Since  the  students  had  been  previously  sandomly 
assigned  to  one  of  three  tteattnent  groups,  any  regressive 
affects  caused  by  testing  and  time  delay  were  randomly 
distributed  to  all  treatments. 

The  Wechsler  Preschool  and  Primary  Scale  of  Intelligence 
was  hand  scored  by  the  examiner  and  a raw  score  for  each 

test  scaled  score  equivalents  of  rsw  scores  were  obtained 


les  are  baaed  on  the  age  of  the  eubject  and  are  divided 
0 quarter  year  intervals.  Having  obtained  the  scaled 

IQ  equivalent  of  the  suns  of  scaled  scores  was  computed 


equivalents  o 


D though  all  the  students 
they  were  all  tested 


Hatching  Familiar  Figures  Test 


(HPF]  was  then  adminieteied  (Kagan,  at 


something  you  Know  and  then  soma  pictures  that  look  like 


page  (ha/sha  points?  that  is  just  like  the  one  on  this 
top  page  (he/she  points),  let's  do  some  for  practice.” 

The  students  were  shown  praetloe  items  and  helped  to  find 

we  are  going  to  do  some  that  are  a little  bit  harder. 

You  will  see  a picture  on  top  and  six  pictures  on  the  bottom. 


The  examiner  recorded  latency  time  (the  time  required 


examiner  continued  to  count  responses  (not  times)  until 
the  child  made  a maximum  of  six  errors  or  a correct  choice. 


PosttBBt  Weasuras 


e prabest  and  posttast  m 


8 decermined  by  extracting  tl 
xt  The  Child's  Conoaption  of 


and  additional  worh  performad  by  Educational  Tearing 
Service  iRothanberg,  1969).  These  oonseevabion  tasks 
xere  developed  by  modifying  the  proeedorea  and  materials 
of  previously  reported  measures  of  number  conservation 
IFiavall,  I963i  Piaget,  1952t  Rothenberg,  1969).  An 
attempt  was  made  in  the  conservation  task  development  to 

possible  while  preserving  the  essential  elements 
of  the  conservation  of  number  paradigm.  The  first 
modification  was  the  introduction  of  an  18  x 24  inch 

painted  half  yellow  and  half  blue  with  the  two  halves 
separated  along  the  long  axis  by  a narrow  blac)c  line  eo 
that  an  array  placed  on  one  side  would  be  clearly  dis- 
tinguished from  one  on  the  other.  The  hoard  was  also  used 
to  minimise  feelings  of  competition  on  the  part  of  sonvs  of 
the  children  by  referring  to  an  array  as  "the  one  on  the 


The  second  ncdification  was  the  assessment  of  and 
instruction  in  concepts  basic  to  an  adequate  performance 

as  pertaining  to  the  board;  "bunch",  which  was  used 
throughout  the  task  as  the  equivalent  of  "row"  because  it 
seemed  more  understandable  to  the  children;  and  "numerical 
equivalence",  meaning  that  the  students  had  to  make  a 

The  third  change  was  the  uae  of  warm-up  item  In  order 
to  give  the  students  a chance  to  become  familiar  with  the 
question  format  to  be  used  in  the  items  as  well 
as  to  provide  a base  line  for  estimating  how  well  the  stu- 
dents understood  the  language  of  the  questions  apart  from 
the  difficulty  of  the  actual  test  transformations.  Twelve 
types  of  transformations  were  selected  from  the  many 
posslbliitias.  These  Included  various  linear  examples  but 
no  nonlinear  or  spatial  arrangements  because  most 
previous  work  in  the  field  had  bean  done  with  only  linear 
arrangements.  The  general  categories  of  the  conservation 
of  number  transformations  are:  equal  sihstraction,  lateral 


if  inequality  as  deacribed  in  Figura  3. 

;em  teat  arrangement  la  reported  in  Appendix 
i arrangement  of  the  twelve  Items  were 


reversed,  yielding  2 


CONSEnVAtlON  or  NUMBER  TRANSEORHAtlONS 


Type  1.  Lateral  Diaplaceinent 


{E-Row  manipulated) 


Equal  Addition 

(Both  Rows  Manipulated) 


manipulated) 


process  was  included  to  reduce  the  error  which  might  be 
made  by  the  studept  nehing  selections  on  the  same  side 
of  the  board  but  without  understanding  coneervation  of 
nurahar.  In  a pilot  study  (Strickland,  1976)  (Sae  Appendix 
A)  on  oonservationcf  number  using  this  instrument,  the 
rellsbillty  was  determined  using  the  split-half  method 
and  found  to  bs  .86.  Internal  consietency  reliability 
coefficient  was  computed  tor  the  conservation  test  during 
the  pilot  study  and  found  to  be  ,71.  The  coefficient  elpha 
was  computed  for  the  present  study  and  found  to  be  .89.  in 
addition,  an  item  analysie  was  performed  on  the  conserva- 
tion test  using  a point-bleerlal  correlational  tochnigue. 

A point-blserial  correlational  technique  was  selected  to 
evaluate  their  reliability.  This  technique  is  considered 
to  be  a suitable  means  to  estimate  an  item's  potential 
to  discriminate  between  eubjects  who  acoro  In  the  top 


A point-biseriel  correlation  of  0.250  (P  c.Ol)  was 
coneidored  minium  for  acceptable  reliability  for  Individual 
triterion  items.  Point-biserial  correlations  for  the 
conservation  test  questions  are  reported  in  Table  4. 
Reliabilities  of  all  questions  were  found  to  be  acceptable. 

The  difficulties  tor  the  24  questions  were  also 
calculated  and  are  also  reported  in  Table  4.  Difficulty 
here  is  defined  to  be  the  percent  of  the  subjects  failing 


D DIFFICULTY  01 


answer  the  cjuestions  correctly.  The  higher  the  percent. 


the  more  aiKtoult  Che  item. 


The  mean  difficulty  was 
icultiee  varied  from  0.135 


Treatisent  Proeedurea 

The  subjecta  were  alnety  preschool  children  attending 
three  different  private  non-profit  schools  in  Gainesville, 
riorlda.  The  mean  age  of  the  students  was  4.60  with  a range 
1,0  to  S.e  years.  The  distribution  of  the  subjects  by 
sex,  age  and  treatment  group  are  reported  in  Table  5, 

The  subjects  were  randomly  assigned  to  treatment  groups 

group  of  260  students.  Parent  permission  forms  were 
distributed  and  obtained  for  each  child  participating 


The  subjects  participated  in  the  experiment  during 
their  regular  pre-school  day  between  the  hours  of 
9 A.M.  and  lljlO  A.M.  The  aptitude  tests,  treatments, 
pretest  end  posttest  all  followed  this  scheduling 
format,  since  the  students  came  from  different  schools, 
different  socio-econemio  backgrounds  and  different 


randomly  assigned 


introduction 


adfCLinister  tJ 


After  the  subjects  were  given  i 
e experiment  and  practice  eesei 

hie  reason  the  instruotions  and  practice  examples 

The  pretest  and  postteat  required 

to  each  sCodent  individually. 

With  the  aid  of  three  teachers  who  had  been  trained 
during  the  pilot  study  (Appendix  A] , the  process  was 
accelerated.  The  instructions  for  the  pretest  and  i 
posttest  may  be  examined  in  the  subsection,  Pretest, 

Treatment  watarlals 
Verbal  Didactic  Instruction 

This  condition  utilised  t 

identical  yellow,  1 3/4"  x 1 3 
which  offered  no  specific  cues 

inference.  The  subjecte  were  requested  to  establish  Initial 
equivalence  twelve  times  (twice  on  each  training  trial) . 
and  witnessed  twelve  different  transformations  during 
which  the  spatial  arrangement  was  changed  and  then  brought 


t consisted  of  nine 
or  the  establishment  of 


back  to  the  original  position.  Iininadiately  following 
oonpletion  of  each  tranafonnation  and  questioning  sequence, 
a statement  of  the  rule  for  conservation  {adapted  from 
Beilin,  196i)  was  given:  "I  have  oniy  moved  the  blocks. 

They  are  in  another  place,  but  there  are  just  as  many  as 
before.  See,  I can  put  the  whole  bunch  back  the  way  they 

I did  not  put  in  any  more  blocks  or  take  away  any  blocks; 

1 only  moved  then."  As  this  statement  was  repeated,  the 
blocks  were  returned  to  their  original  position.  Each 
subject  In  this  condition  heard  the  rule  twelve  times. 


Alternative  Example  Instruction  (AEI) 

and  same  materials  as  the  Verbal  Didactic  instruction 
treatment  except  that  the  students  were  asked  to  form 
an  example  of  tbeir  own  to  illustrate  eech  trial.  Each 

tive  example.  If  correct,  the  instructor  would  reinforce 
the  student;  if  incorrect  he  would  aid  the  atudont  in  a 
correct  solution.  Each  subject  performed  twelve  triela 
and  gave  twelve  Alternative  Example  responses. 


students  in  s t: 
performance. 


(placebo)  group 


fiome  coloring  worksheets  and 
The  tine  required  for  these  activities 
required  for  the  two  previous 


Methods  of  Bata  collectina 

The  exaiainer  recorded  the  IQ  information  with  the 
aid  of  a trained  assistant  as  prescribed  by  the  WPPSI 
manual,  The  data  was  recorded  on  special  forms  provided 
with  the  KPPSI  test  materials.  The  Matching  ramiliar 

errors  were  recorded  on  a data  sheet  shown  in  Appendin  C. 

The  pretest  and  postteet  measures  were  recorded  on  a 
conservation  record  sheet  shown  in  Appendix  C.  The  total 
scores  of  the  subjects  were  then  transferred  to  a 
"computer  summary  sheet"  (included  in  Appendix  C) . rron 
these  forms  necessary  data  ware  transferred  to  IBM  cards. 
Duplicate  sets  of  data  cards  were  made  in  order  to  facilitate 
data  analysis  and  maintain  data  aacurity.  Key  punching, 
scoring  and  analysis  were  performed  by  trained  technicians 
under  Che  direction  of  the  experimenter, 


CHAPTER 


RESULTS 


The  priinary  objectives  of  this  study  w 
the  acquisition  of  conservation  of  number  a 
alteration  of  conservation  performance  due 
and  to  explore  the  effects  of  individual  differences  o 
learning  from  different  modes  o 
This  chapter  describes  the 
the  hypotheses  and  the  results  achieved.  The  preeentation 
of  results  first  reports  the  instructional  t 
effects  and  then  the  Aptitude  x Treatment  1 
The  analyses  were  computed  using  the  University  of  Florida 
Statistical  Programs  Library  and  the  SPSS  Language  PacRage. 


Independent  and  Dependent  Heaaures 
Although  conservation  performance  produced  in  preschool 
children  by  various  treatments  was  of  major  interest  in 
this  study,  of  equal  importance  was  an  exploration  of  the 
possible  effects  of  the  aptitudes  of  10,  impulsivity- 
reflootlvlty,  latency  score  and  error  score  to  determine 
if  they  differentially  interacted  with  student  performance. 


iTdy  predict  a learner's  perfomance  relative  Co  a 
specified  instructional  treatment.  As  presented  in 


were  inCluenood  in  some  way  by  experimental  manipulation, 
posttest  measure  of  conservation  of  number  acquisition. 


xntercorrelatlona  o 


easures  are  reported  i. 


umber  measure  showed 
I IQ  aptitudes,  the  strongest 


.002  level  (Table  31.  While  the  same  relationship 
reported  in  Treatment  Group  2 (Alternative  Example) 
showed  a correlation  of  -0.6329  significant  at  the  .00( 
level  (Table  9] . This  should  indicate  chat  the  post- 


contained  aome  relationehlp. 

The  oorrelatlon  o£  full  scale  IQ,  verbal  IQ  and 
performance  IQ  yielded  extremely  high  correlations 

scale  10  and  verbal  IQ  was  reported  to  be  .8B2d,  between 

The  oorrelatlon  between  latency  score  and  error 

previously  reported  studies  correlation  should  have  been 
more  stronly  negative  (Tables  8,  9,  10).  The  research 


correlation  between  latency  score  and  error  score  would 
bath  independent  and  dependent  measures  were  oompilsd 


Trcatfoents  were  symbolized  to  make  data  table 
oonstraotion  muob  clearer  and  less  crowded.  Thus,  the 
Verbal  Didactic  {VC} , Alternative  Example  (AE)  and 


Subjects  assigned 
same  postteat.  It  is  on  thes 
performed. 


2]  all  completed  the 


1 hypotheses  were  examined  usinc 


same  instrument  was  used 
subjects  were  randomly  s> 
accessible  population  ani 


groups  using  analysis 

I covariate.  Although 
I from  an  experimentally 
randomly  assigned  to 


experimental  and  control  groups,  the  analysis  of 
oovariaooe  dssign  was  used  to  control  statistically 

which  might  have  been  present  end  which  might  have  con- 

of  the  anelysis  of  covariance  as  a teohnique  for  teeting 
diffarencea  between  groups  in  research  designs  such 


study  is  supported  by  Clsahoff 


Cooiier  t Bounds 


authors  suggest  that  this  techniquu  nay  be  used 


randomly  assigned  to  treatment  uni 
s measured  without 


(b)  that 
iri  (c)  that 


the  covariate  is  independent  of  the  treatment 
effect!  (d)  that  the  variance  of  the  dependent 
variable  at  a given  value  of  the  oovariate  is  constant 
across  treatment  groups  and  independent  of  the  co- 
variatei  (e)  that  for  each  level  of  the  oovariate, 
the  dependent  variable  la  normally  distributed!  (f) 
that  the  oovariate  is  linearly  related  to  the  dependent 
vsrieblG,  and  (g)  that  the  regression  of  the  dependent 
variable  on  the  coveriate  is  the  same  for  each  group. 

Elsahoff  (19S9)  concluded  that  assumptions  s, 
c,  and  g are  critical  to  any  interpretation  of  covariance 


Thus,  an  analysis  of  covariance  ia  a statiatical 
procedure  which  attempts  to  reduce  the  error  term  as 
much  as  possible.  In  an  analysis  of  variance  {ANOVA)  the 
variance  aasoelated  with  covariant  1 and  oovariant  2 in 
this  study  would  be  pooled  with  the  error  term  In  an  AMOVA. 
In  addition,  an  analysis  of  covariance  removes  what  is 
thought  of  as  ■random"  (unexplained)  error  and  seeks  to 
explain  it.  The  ANOVA  gives  a true,  or  as  true  as  possible, 
measure  of  the  treatment  effects  of  performance.  In 
aooordanco  with  Kerlingsr  11971)  and  Runyon  s Haber  (1971), 
when  a elgniflcant  F ratio  occurred  between  two  of  the 


treatment  conditions,  a Tukey  Honestly  Significant 


An  inspection  of  the  real  means  and  standard 
deviations  of  the  posctest  questions,  as  reported  in 
Table  15,  identified  potential  between  group  differences 

verbal  Didactic  instruction,  was 
M.  and  Treatment  2.  the  Alternative 
, was  reported  at  20.319,  while  the 
146.  With  such  a large  difference 


reported 
Example 

between  treatment 
the  annlyals 

reflective)  iF  * 5.90,  Pc 
pairs  of  treatment 


IS  computed.  Significant 

i) . A compariaon  between 
groups  using  the  Tukey 


D {Honestly  Significant  Difference)  t 


OvTall  ^sttcftt  Pegfomance 


counting  the  number  o£  items  correct  ' 


calculated  b 


The  following  hypothesis  was  of  major  concern 
relative  to  Aptitude  x Treatment  Interactions t 

There  will  be  a differential  relationship  betw> 
n performance  and  aptitudes  of  eubjeots 


acquisition  of  conservation  of  number  acquired  from  two 
different  modes  of  instruction. 

A first  step  in  eveiueting  these  theoretically 
expected  relationships  was  to  compute  for  each  group 
separately  the  correlations  between  ell  eptitudee  and  the 


then  raaseeinbled  by  posteest  t 
correXatiorus  for  a apecifiad  i 

Inspection.  These  individual 
are  reported  la  Tables  7 through 
was  apparent  that  in  sevi 

stantially  across  treatioant  oonditions. 


correlations  wi 


rder  to  facilitate 
the  correlations 


Evaluation  for  Aptitude 


Treatment  Interactions 


e significantly  parallel  a 


specific  predictions,  although 


aufflcientiy  different  to  produce  different  ability 
perfonnance  relationshipe.  (Wilson,  1971) 


The  first  hypothesis  tested  was 

subjects  who  receive  the  Verbal  Didactic 
method  of  instruction  when  compared  with 
the  performance  of  the  control  group. 

The  acquisition  of  conservation  of  number  by  training 
procedures  was  the  major  purpose  of  this  research.  The 

Support  for  this  hypothesis  is  dependent  upon  significant 
between  group  differences  in  scores  on  the  posttest 
meesure.  The  appropriate  statistical  tests  of  this 
hypothesis  are  therefore  comparleons  of  posttest  perfor- 
mancee  by  pairs  to  treatment  conditions  following  an 
overall  significant  P ratio.  The  data  in  Table  17 
strongly  supported  this  hypothesis. 

In  general,  subjeote  who  performed  well  on  the 
conservation  of  number  test  (pcattest)  did  not  possess 
any  unusually  high  verbal  aptitude.  The  correlation 


between  verbal  aptitude  and  poattast  performance  was 
reported  to  be  .2301  {Table  fl] . This  was  an  important 
factor  in  this  research  as  ocher  studies  had  indicated 
a stronp  influence  of  verbal  aptitude  and  conservation 
performance,  whereas,  the  results  of  this  study  indicate 
that  verbal  aptitude  had  little  effect  and  conservation 
of  number  aoqulsition  was  considerably  roduoed. 

that  acoeleration  of  the  learning  of  consarvation  of 
numerical  correspondence  cen  be  brought  about  through 
direct  training.  Additionally,  methodological  changes 
in  the  manner  of  colleoting  conservation  data  can 
reduce  the  interdependence  upon  verbal  aptitude. 


Acquisition  of  Conaervation  of  Wumber  Uainu 

The  seoond  hypothesis  tested  was 
2.  There  will  be  a significant  positive 
influence  on  oonservatlon  performance  for 
subjects  who  receive  the  Altaroatlve  Bsample 
method  of  instruction  when  compared  with  the 
performance  of  the  oontrol  group. 

The  aoqulsition  of  conservation  of  number  by  training 
procedures,  aa  stated  earlier,  was  the  major  purpose  of 
this  research.  The  postteet  results  of  conservation 
performance  by  subjects  who  received  the  Alternative 
Example  method  of  instruction  Indicated  a significant 
difference  whan  compared  with  the  control  group  postteet 


dependant  upon  significant  between  group  differences 
in  the  biocblng  variable  type  (inpulsive-reflective- 
other) . The  date  reported  in  Table  17  indicated  that 
type  was  only  slightly  aignificant  (F  * 5.90,  P<.09) 

conservation  posttest  scores.  In  addition,  the  treatment 
s type  interaction  showed  no  significant  interaction 

from  the  analysis  of  covariance  indicated  that  the 

In  susuBary,  on  the  surface,  the  evidence  collected 
does  not  generally  support  hypotheses  3,  4,  and  S.  However, 
upon  further  inveetigation,  some  serious  nethodological 
problems  of  categorising  subjects  as  either  impulsive 
or  reflective  were  revealed.  Two  statistical  character- 

MFF  for  its  use  in  research  on  refleetivity-impulslvity. 

The  troublesome  characteristics  are  the  low  reliability  of 

latency  and  errors.  (Ault,  1973)  Beliabllity,  both 

completely  neglected  by  researchers  using  the  HFP  with 
olomentary  school  children.  The  teat-rctest  reliabilities 


reliability  of  latency  r. 


Th«  second  set 


E problems  srises  E 
louB  difficulties  fi 


analyses  of  variance  performed  o 


.e  dependent  variable 


latencies  are  not 
U6ln9  two  factors 


the  MFP  classifications.  Using  high 
and  high  versus  low  latencies  as  the 
analysis  of  variance  results  in 
Id  interaction  effects,  since  errors  a 

e discarded. 


unequal  cell  siees  unless  some  subjects  a 
(with  a correlation  between  latency  and  errors  of  -.Sf, 

third  are  labaled  others.)  This  makes  interpretation  of 
means  are  not  equally  stable. 

and  latency  scores  produce  still  another  problem, 
hrtifioally .dichotomlting  the  continuous  variables  of 
latency  and  error  by  median  splits  and  then  subjecting 

information  and  reeults  in  a substantial  1 

method  ie  to  maintain  error  and  latency  scores  in  their 


farmsid  apply  raultiple  regression  nethods. 


CKerllnger  & Pedhesur,  1971) 

This  information  and  a roexamination  of  Tables 
7,  8,  9,  and  10  indicated  that  an  additional  analysis  of 


the  intsrcorselation  between  postteet  performance  and 
latency  score  was  reported  to  be  -0.0531.  and  poatteet 


and  latency  s. 


core  was  reported  to 


n between  postteet  perfor- 
mance and  latency  score  was  reported  to  be  -0.8328  and 
postteet  performance  and  error  score  was  reported  to  be 
-0.1032.  In  analysing  those  results,  it  should  be  clear 
that  some  interaction  was  occurring  between  subjecta  with 
high  latency  scores  receiving  the  verbal  Didactic  method 
of  Instruction.  Lihcwise.  some  Interaction  was  occurring 

Alternative  Example  mabhod  of  instruction. 

be  performed  on  the  posttest  conservation  scores  using 
Latency  score  and  error  score  as  oontlnuous  variables  and 
the  results  are  reported  in  Tables  19  and  20.  Ueing  the 
variables  of  latency  and  error  score  as  continuous  variables 


pemicted  the  testing  of  hypotheses  four  and  five. 


the  conclusions  of  the  reeaatehor  but  the  significance 
of  the  interaction  between  tceatment  and  latency  score 


, Solomon’s  (1972)  h 

be  expected  to  help  low  ability  learners  by  compensating 
for  abilities  in  which  they  are  lacking,  high  ability 
students  would  not  be  expected  to  benefit  appreciably 


ADJUSTED 


FOB  AHALVSI8  OF  COVARIANCE  lANCOVA) 
CONTINUOUS  VARIABLE 


INTEHaCTION  or  LATENCV  SCORE  WITH 
FOSTTE8T  PERTORMANCE 


Concluglon  and  Diacusgion 


This  investigation  suggests  that  conservation  of 
number  can  be  taught  to  children  in  the  preoperational 
period.  Much  of  the  literature  discussed  in  Chapter  I 
indicates  that  conservation  perioroance  is  static  and 
can  not  be  obtained  through  accelerated  instruction. 


Moreover,  that  in  the  few  cases  where  it  was  obtained, 
it  dissipated  rapidly  upon  the  absence  of  instruction. 

The  pilot  study  (Appendix  A)  indicated  that  tha 
GOneervation  perforcnanca  of  preschool  ohildren  did  not 
dissipate  with  time.  This  study  should  indicate  that 
the  conservation  of  number  can  be  accelerated  in  preschool 
h proper  instruotlonel  methods.  As  discussed 


children  w 


in  Chapters  II 


(Solomon,  1972) 


! preschool  children  fi 


0 further  refine- 
pon  the  reliability 


rformance  in  young  children. 

This  investigation  suggests  that  latency  s 
a instructional  treatments  approach  t 

c compensatory  model  is  a model  in 
e designed  t> 

particular  aptitude  deficiencies  o 


examining  Figure  5,  we  can  see  that  atudenta  with 
high  latency  scotes  porfomad  better  than  students 
with  low  latency  scores  in  the  Verbal  Didactic  treatment 
while  students  with  low  latency  scores  performed  better 
than  students  with  high  latency  scores  in  the  Alternative 
Example  method  of  instruction. 

as  indicating  that  a treatment  capitalises  on  an  ability 
while  a negative  slope  (Figure  3,  AE)  suggests  that  a 

negative  slope  suggests  that  a treatment  compensates 
for  a low  ability  and  is  dietuncttonal  for  high  ability 


In  addition,  the  findings  of  this  investigation 
suggest  important  methodological  implications.  A question 
format  using  more  than  one  question  about  each  transfor- 
mation and  possibly  varying  the  order  of  the  questions 
ashed,  and  the  inclusion  of  a variety  of  transformations 
measuring  conservation  at  both  equality  and  Inequality, 
seem  essential  for  gaining  an  accurate  picture  of  the 

explanations  of  their  judgments  might  also  be  obtained 
in  greater  depth  where  possible,  although  the  weight 
that  verbalised  judgments  should  be  given  in  establishing 
conservation  status  is  still  in  question,  ay  including 

investigations  of  ths  conservation  pnenomena  might  profit 


lead  an  mff  reaearoher  to  despair.  However,  it  ie  not 
suggested  that  the  KFF  be  discarded.  It's  validity  has 
bean  demonstrated  over  a wide  variety  of  tasks  which 

adequate  research  designs  and  appropriate  s 
analyses  makes  it  possible  to  continui 


e to  the  loss  of  power  connected 
with  all  of  the  mff's  strengths  and  w. 


APPENDICES 


Hftthod 


the  Androioeda  School  (e  private  non-profit  school]  in 
Gainesville,  Florida.  Permission  forms  were  distributed 

36  to  47  months,  and]  (31  Group  C - 4 
groups  (A,  B,  c]  and  assigned  t< 


(2]  Group  B - 


1.  verbal  Ability  (VA)  - WPPSI  Vocabulary  and 
Information  Subtests  - The  Vocabulary  and  Information 
scales  of  Che  wechsler  Preschool  and  Primary  Scale  of 
Intelligence  (WPPBI)  was  administered  and  scored  in  the 
usual  fashion.  Birth  dates  ware  obtained  from  school 
records  and  scaled  scores  were  cornpuced.  The  prediction 
validity,  as  assessed  by  later  performance  on  aohlevement 
tests,  appeared  to  be  batter  for  the  WPPSI  than  for  the 
Stanford-Banot,  Peabody,  Bender-Geetalt  or  Draw-A-Persoh 


{PokGcki,  Pr«de  & Gaatney,  1961}.  Raliabllity  QBHinates 


2.  Cognitive  Style  (CS)  - The  sorting  task  used 
aervice  (Charleswoth.  1968}.  Using  a standard  array 


instruoted 
together  wi 


20,  25} . T}ie  orde 
s counterbalanced, 
together  all  the 


. The  subjects  were 


which  "go  together  or  belong  togetlier".  The  subject's 
reason  for  each  sort  was  elicited  and  this  along  with 


the  objecte  used,  and  the  order  of  their 
recorded. 


Analytic  - In  this  category  were  scored 
eleroentts}  selected  as  the  shared  basis 


groupings  built  upon  a iunotional  relationship  between 
or  among  the  grouped  objects.  No  one  object  wae  an 

on  the  basis  of  common  class  membership/  or  functional 
usage.  Any  object  in  the  group  wae  an  independent  inetanoi 

0.  Other  - This  category  included  all  sorts  not 

3.  Matohlng  Familiar  Figures  Test  - iHFFJ  - This 
is  a standard  instrument  devised  by  Kagan  et  al.  fl964) 
to  assess  cognitive  tempos  in  children.  The  version 
of  the  test  which  was  administered  in  thie  study  was 


e reflective  or  impuleive  cognitive 


e from  exposure  to  first 


response  tips  and  above  the 

response  time  and  below 
coneidered  reflective.  Relia.* 

ing  the  HFP  with  eleoantary 
and  preschool  children  (Kagan,  196S,  1966i  Denney, 

1973).  The  range  for  test-reteat  reliability  was 
reported  as  being  .62  to  .73  depending  on  the  age  of  the 

coefficient  alphas  were  reported  to  range  from  .6?  to 


Conservation  o 


, twelve  using  a top-bottom  orienta- 
tion and  twelve  using  a bottom-top  orientation.  A 

relationehip  of  items  to  total  test  score  and  evaluate 
the  overall  reliability  of  the  inetrement.  The  test 
was  administered  to  a group  of  forty  preschool  students 
(none  of  which  ware  subjects  f 
determine  the  reliability  of  t 
blllty  was  .82  and  the  correction  between  the  twelve. 


Instructlonand  posttest.  Croup  Two  received  the  pretest 
and  the  posttest  only.  Gtoap  Three  received  the  poetteet 

toot  eaoh  of  the  studente  through  a s 
exercises  using  an  identical  set  of  ten  wooden  beads. 

The  Instructor  set  up  examples  in  which  the  student 
established  one-to-one  correspondences  while  setting  up 
siioilar  examples.  Immediately  following  the  completion 

one-to-one  correspondence  cc 
of  the  five  tasks,  os  Illustrated  in  Tables  21  and  Z» 


.r  original  positions 
easily  viewed 


e claseified 


B impulsive  or  reflective.  The  iopuleive  group  included 
hoee  Btudente  who  scored  at  or  below  the  medium  on 

rears.  The  medium  response  time  for  Group  B (46  students} 


thirteen  seconds  s. 


e medium  e 


either  impulsive  o. 


could  be  judged  to  be 
e impulsive  and  eight  reflective. 

and  reflective  groups  were  selected  at  random  from  each 
group  for  t)ie  experimental  treatments. 

Cognitive  Style  - All  120  students  were  tested 

Measure  of  conservation  of  Number  (CN)  - A number 

tion  test  was  24  questions  in  length,  twelve  sets  of 
questions  reversing  the  order  of  the  responses  to  clearly 
e reliability 
d previously 


o determine  i 


reliability  and  perform 


! (ANOVA)  w 


A one-way  analysie  o 

Didactic  treatment  group  scored  significantly  higher, 
y(2,279)  = 103.79  (Pe.Ol).  A four-way  analysis  of  variance 
design  was  utilized  to  compare  cognitive  style  and 
conservation  teet  scores,  the  hewman-Kuele  test  (which 

means  are  compared)  showed  chat  analytical  students  wero 

significantly  better  conservers  than  Che  remaining 

three  groupe,  F = 35.92  (P  e.DOl).  In  addition,  relational 

groups  showed  little  difference  o 
F - .001  (P  <.05). 


An  ANOVA  was  performed  on  IQ  and  verbal  score  x 
conservation  test  score.  The  results  were  not  signifi- 
cant. An  analysis  of  variance  was  performed  comparing 
age  and  conservation  test  score.  The  older  group  showed 
a significant  difference,  F ■ 64.89  (P  <,01). 


revealed 


impulsive 


Impulsive  students, 
impulsive  students  v 


e censervstion  measure 
.60  {P<.0U.  Rowever. 
e in  the  Didactic 
n the  impulsive  st 


The  older  children  did  perform  sionificantLy  better  than 
their  younger  counterparts,  in  addition,  the  learning 
of  number  conservation  seems  to  have  more  stability 
of  time  vith  older  children. 

The  data  from  this  study  indicates  that  conservation 
of  number  Is  related  to  cognitive  style  and  that  analytical 
and  reflective  students  perform  beet. 

sistently  to  studente.  This  measure  provides  a reliable 


If  conservation  of  nuaiber  and  of  other  areas  is  signifi- 
cant in  the  learning  process r then  it  should  be  accurately 
assessed  In  teaching  siethoda  developed  to  gain  proficiency. 
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NUHSEH 


COSSBRVSTION 


NUHBEK 


Nunber  visual  Display 


(E-Rdw  Hanipulatad] 


(£-Kow  Manipulated) 


(£-Rov  Manipulated) 


VisuAl  Display 


Indicate  added 


indicate  subtracted  elements 


indicate  subtracted  elements 


Indicate  added  elements 
Manipulated) 


Manipulated) 


Question 


ViBuai  Display 


'W  Manipulated) 


'W  Manipulated) 


indicate  subtracted  elements 


Question 


visual  Display 


w Hanlpulated) 


arrows  indicate  added  elements 
{S-Row  Manipulated) 


APPENDIX  C 


INSTRUMENT  EORMS 


MATCaiNG  FAMILIAR  FIGURES  RECORD 


ITEM  FIGURE 

TIME  (sec.) 

NO.  OF  ERRORS 

1 HUU5. 

1 0 3 a 

2 Bottla 

<s> 

3 Apple 

1 2 ® 4 

4 Hat 

12  1® 

5 Shoe 

1 Q 3 4 

6 Dog 

1 2 Q 4 

7 cup 

12®, 

B Tree 

12  3® 

9 Flower 

1 2 @ 4 

10  Face 

0 2 3 4 

11  Chair 

10  3 4 

12  Ball 

1®  3 4 

13  Star 

0 2 3 4 
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TABLES 


ay  TREATHEMTS 


PRETEST  FREQUENCIES 


Treatjn^nt  I (VD) 


POSTTEST  EREOUEtfCIES 


Treatment  1 {VD} 


Poattest  Absolute  Paiative  Adjusted  Cum. 

Score  Fceq.  Fseq. (PCT)  Preq. (PCT]  Freq. (PCT) 


PERFORMANCE 


10  FREQUENCIES 


Verbal  Absolute  Relative  Adjusted  Cum. 

IQ  Frsq.  Freq. [PCD  Preq.(PCT)  Freq. iPCT) 


FREQUENCIES 


Treatment  1 {VD) 


Relative  Adjusted  Cum. 

Freq. (PCT)  Preq.(PCT)  Fleg.(PCT) 


E FREQUENCIES 


Relative  Adjusted 
Prsq, [PCT)  Freq.(PCT) 


Pretest  Absolute  Relative  Adjusted  Cun. 


POSTTBST  FREOUEHCIES 
TceetmenC  2 (AE) 


Posttest 


Absolute 


Relative  Adjusted 


PERFOHMAMCE 


Treatment  2 (A£) 


Performance  Absolute  Relative  Adjusted  Cum. 

iO  rreq.  Freq.(PCT)  Freq.ipCTJ  Freq.(PCT) 


Verbal  Absolute  Relative  Adjusted  Cum. 

IQ  Preq.  Preq. (PCT)  Pteq.fFCT]  Preq- (PCT) 


Q F8EQUEHCIBS 


Treatment  2 


TQ  Absolute  Relative  Adjusted  Cum. 

Freq.  rreq.(FCT)  Pteq.ipCT)  Freq.(FCT) 


FREQUENCIES 


Freq.  Preq.tPCTJ  Fceq.(PCT} 


PRETEST  FREQUENCIES 


Abaoluce  Relative  Adjusted  Cun. 

Preq.  Freq.IPCT)  Preq.(PCT)  Freq.(PCT) 


Performance 


Relative  Adjusted  Cum. 

Pceq. (PCT)  Freq.(PCT)  Frsq.{PCT) 


PEBFORMANCB  IQ  FREQUENCIES 


verbal  Absolute  Kelacive  Adjusted  Cum. 

10  Preq.  Ptflq.(PCT)  Freq.tPCT  Preq.(PCT) 


FREQUENCIES 


Treatment  3 (C) 


Absolute 


Freq. (PCI)  Freq. (PCT) 


TreamenL  a 


Absolute  Helative  Adjusted  cun. 

Preq.  Pteq.(PCTJ  Preq.tPCT)  Preq.fPCD 
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Born  in  St.  Augustine,  Florida  ©n  Harch  12,  1940, 
Albert  W.  stticltland.  III  then  moved  to  Miami,  Florida 
with  his  parents,  Martha  and  Albert  w.  StricAland.  Jr. 

He  spent  hie  early  childhood  years  and  high  school 
years  in  Miami,  graduating  from  Miami  Jaokeon  High 

He  attended  Georgia  Technological  University  in 
19SS  and  1959  completing  eighty  semester  hours  in 
Electrical  Engineering  before  transferring  to  the 
University  of  Florida  where  he  earned  his  Bachelor  of 
Science  in  Science  Education  in  19S3.  Then,  he  completed 
a Master's  degree  in  Science  Education  with  majors  in 
math  and  physics.  He  completed  24  semester  hours  of 
graduate  work  in  nuclear  physics  at  the  University  of 
Notre  Dame  before  transferring  to  the  Univeraity  of 
Florida  to  complete  work  on  a doctorate  in  Science 

Kls  teaching  ekperlenoe  includes  six  years  of  public 
school  experience  during  which  time  ho  received  an 
outstanding  national  award  for  teaching  physios.  He 
has  performed  duties  of  Supervisor  of  Science  for  the 
Alachua  County  school  system  and  teaching  science  at 


Community  College. 


es  taught  ancosipaae  children 


During  thia  tine,  Che  ag 
in  preschool  through  adults  i 

field  of  Science  Education. 

HSTA  for  over  twelve  years  an 
papers  to  meetings  of  varioue 
proCeasional  organizations  an 
aevon  publications  in  various  professional  journals. 

He  is  currently  a member  of  The  National  Science 
Teachers  Assocation  and  a menihsr  of  The  National  Association 
of  hasearch  in  Scienoe  Teaching,  American  E' 


is? 


